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TERMS AND ABBREVIATIONS:

A, :Terminal efimination rate constant. The value was calculaled from the slope of the
linear regression of the terminal 3 points, which were the log-linear part of the ptasma
concentralion versus time profile.

Ces : Measured plasme concentration at the end of infusion.

tiz : Elmination hali-ife, determined by in2/a,

AUC,,: Area under the concentration-time curve (AUC) from time zero to the last

measurable sampling time (described as t), calculated by the linear trapezoidal
method.

AlUCo34: AUC from time 2er0 to 24 hours, calculated by the kinear trapezoidal method.

AUC : AUC from time zero o infinity. This cormesponds 10 AUCg, + C/A,, where C, is the
. concentration sttimet -

CL  :Plasma clearance, calculated by Dose/AUC

V.  :Volume of distribution in the terminal phase, caiculsted by Dose/(AUC"),)

Aepx - : Cumulative amount of drug excreted into the urine from time 0 to 24 hour.

Ae_ : Cumulative amount of drug excreted into the urine from time 0 to infinity. This
corresponds t© Asy, + (dAe/dt)/A,. Aeg. is the cumulative amount of drug
excreted into the urine from time O 1o time {, and (dAe/dt)/A, is the residual

amount of excretion from lime t to infinky. dAe/dt was the urinary excretion rate
attimet

% dose.n : Urinary excretion (% of dose), caiculated by Ae_/Dose*100
Cla : Renal clearance, caiculated by Ae_/AUC

SYNOPS!S:

Zometa is proposed for the treatment of tumor induced hypercalcemia (TIH). It would be the sixth
bisphosphonate to be approved and the third for use in hypercalcemia associated with malignancy
(pamidronate and etidronate are already approved). the sponsor has submitted two pharmacokinetic
studies in cancer patients with bone metastases along with a population pharmacokinetic analysis of these
two studies. No relevant pharmacodynamic data were collected in these two studies. Since zoledronate
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is cleared mostly renally and the pharmacokinetics of zoledronate in renally impaired patients has not
been determined, the sponsor needs to determine an appropriate dosing regimen in this patient
population.

RECOMMENDATION:

The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical Evaluation 2
(OCPB/DPE-2) has reviewed NDA 21-223/N-000 submitted 21-DEC-99, 11-FEB-00, 18-MAY-00, and 25-
MAY-00. The overall Human Pharmacokinetic Section is acceptable to OCPB. However, the sponsor
needs to further define the dosing regimen for renally impaired patients in a Phase 4 commitment. This
recommendation, comments (p. 11), and labeling comments (p. 11) should be sent to the sponsor as
appropriate.
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BACKGROUND:

Zoledronic acid is a member of the amino-bisphosphonates which inhibit osteoclastic bone resorption
leading to a reduction in calcium blood levels. Zometa is a lyophilized formulation of the substance for
intravenous injection proposed for the treatment of tumor induced hypercalcemia. The proposed dosing
regimen is a single 4mg IV infusion over — minutes with one retreatment after at least 7 days if
normocalcemia is not achieved or maintained; the retreatment dose is At the time this submission
was made zoledronic acid was not marketed in any other country.
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STUDY SUMMARY INDEX

Protocol Title Page
Number
JOO1 Phase 1 clinical trial of CGP42446 for injection in cancer patients with p. 32

bone metastases

503 An open-label, single intravenous infusion dose study to determine the p. 35
pharmacokinetics (PK) and pharmacodynamics (PD) of zoledronate in
cancer patients with bone metastases

DRUG FORMULATION:

What is Zometa?

Zometa is zoledronic acid, which is a white crystalline powder. It's structure is shown below.

PO;H,
\ —/ OH » H,0O -
PO,H,

CsH,oN,O;P2. HO

The table below indicates the contents of one vial of Zometa.

fgredient Amount (mg)* Function References to

) standards

Zoledronic acid anhydrous™ 4000 mg Drug substance Novertis

% Monograph

Mannitol Iy rr—— KTV Ph. Ewr., USP
agent

Sodium citrate Ph. Ewr., USP
buffering agent

Water for injection™ -~ Soivent (removed Ph. Ewr., USP
during lyophiization)

p——

e ———————— | e—mmm——

-

Zoledronic ackt anhydrous is added in form of Zoledronic acid monohydrous. 4.000 mg Zoledronic acid
anhydrous cofrresponds 1o the of 4264 mg Zoledronic acid monotydrats.
removed during lyophilisation

-

The to-be-marketed formulation is the same as that used in the two pharmacokinetic studies as well as
the clinical trial and is manufactured at Novartis Pharma AG, Basel, Switzerland. The product is
reconstituted with sterile water, further diluted in 50mL of sodium chioride or dextrose, and then
intravenously infused over

ANALYTICAL METHODOLOGY:
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‘HOMAN BIOAVAILABILITY AND PHARMACOKINETICS STUDIES:

L. Bioavailability/Pharmacokinetics

What are the pharmacokinetic parameters of Zometa after IV infusion?
Is there dose proportionality regarding pharmacokinetic parameters?

Two pharmacokinetic studies were conducted by the sponsor, studies JOO1 and 503. Both studies were
conducted in cancer patients with bone metastases. Study J001 was conducted in Japan and used a §
minute IV infusion (50mL) of 2, 4, or 8mg Zometa (N=3 different patients in each dosing group) while
study 503 used 5 minute IV infusion (50mL) of 4mg (N=3) or 15 minute IV infusions (50mL) of 4 (N=4), 8
{N=8), and 16mg (N=8) Zometa in different patients. Plasma and urine sample were coliected from
patients in both studies. The most relevant biomarker for TIH is serum corrected calcium, which was not
monitored in either of these studies.

Non-compartmental as well as modeled pharmacokinetic parameters were determined from zoledronate
concentrations (full consult review for NonMEM compartmental analysis can be found in Appendix).

From study J0O1:

Maximal plasma concentrations of zoledronate were observed immediately after the end of infusion { 5
minutes). There was a rapid decline in concentrations foliowed by a slower phase. Zoledronate
concentrations were low but detectable at 48 hours post dose. The figure below shows the average
plasma concentration-time profiles for the 3 different doses.
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Concentration (ng/mL.)

The table below summarizes the plasma

Time (h)

compartmental analysis of each dose group (N=3/dose).

pharmacokinetic parameters (mean+-SD) from the non-

Crmax AUCox AUG,"
Dose nghml ng*h/mL g*himi.
2mg/oody 4532162 344298 344298
{ 4mg/oody 668 251 540 %232 5724236
8mg/body 1142 & 190 1133 £ 386 1299 + 482
1) 2mg group; t=24hrs. 4 and 8mg group; t=48hrs.
- 3 . . .
The relationship of dose to AUC (mean +-SD) is shown below.
. y = 141,.81x
1600 : R? = 0.987
1400 -
,i 1200 -
= 1000 =
- 800 -
g H
§ 600 -
400 -
200 -
0 - -
0 4 6 10
2oledronste i.v. dose (mg)

Note: CGP42446 is zoledronate.
This plot indicates that there is
there is also large variabitity in t

The figure and table below show th
doses and summarize (mean +-SD)

generally dose proportionali
he pharmacokinetic parame

ty for AUC from 2 to 8mg of Zometa although™
ters.

e cumulative urinary excretion of zoledronate after the three different
the pharmacokinetic parameters.
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1

Excretion
(% of dose)
o8 88388

L]

' —r

4 8 24 48

Time after administration (h)
—0—2mg/body —8- 4mg/hody ~#— 8mg/body
——
Quantity excreted in | ‘Qusstity excreted in |  Urinary excretion CL"
Dose wrine o34 UTINE o rate ;) Lh
" Hg %
2mg/body 883213 9681245 482%122 3.1421.75
| 4mgmody 2279£1539 269321753 6123438 4632337
8mg/body 353121364 487241565 60.9£19.6 3.6111.68
1) Calculated from quantity excreted in usine until infinity.

From the estimate of urinary excretion it can be seen that about 30-50% of the dose remains in the body

fof an extended period of time, probably in bone.

Study 503:

Data from 23 patients were used for this pharmacokinetic study. The semi-log plot below shows the mean

(+-SD) zoledronate plasma concentration-time profiles following IV infusion of 4, 8, and 16mg Zometa

over 5 or 15 minutes.
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The table below summarizes the mean (+-SD) zoledronate plasma pharmacokinetic parameters following
IV administration of Zometa.

PX parametar AUCpoq (WD)~ AUCyuq (nghiml) Gy (nghmi)
3+ 100(N=3)

4 mg/5 min 4112107 (N=3) 4122 107(N=3)
4 mg/5 min 408 2212 Pi = 4) 630 + 506 (N = 4) 27241 (N=4)
4 mg (pooled) 4801 108 (N=T) 5702451 (N=7) N1 N=7)
8 mg/18 min 816297 (N=8) 11822 770 (N = 8) R20£165(N=8)
16 mg/16 min 21304603(N=8)  30811102(N=8) 20+3077 (N=8)

The median Ce value for the 16mg group was 1706ng/mL and the mean of 2759ng/mL was due to one
patient having a value of 10,050ng/mL.
After a 15 minutes infusion of 4 mg the C,,4 is about 30% lower than after a 4mg infusion administered

over 5 minutes but the AUC,.,4 are not significantly different. Of interest is that the AUCq,.« for the 15
minutes infusion is about 70% higher than the 5 minutes infusion. The clinical dosing will be over 5

minutes.

»

The plot and table below summarize the renal excretion data.

mm)mmmcaxamdm

va. mid-time following intravenous administration of 4 Smgort w
tng of zoledronate o Bmortt rm
(7]
2 dMa e '
PR ~—v— 8 MG /18 MIN . - |
- ~a— 16 MO /16 MIN
I ¢ °
R %]
'! 49 4 w
l 90 4 P
{ 20 4 m
l '.1 0
.-f k3 v s ey - L
[ ] 2 4 ] ] L ] . VY U
" Slie-me atter “-:blnl:i m“ o -
M(m)mmmmmm
administration of 2olecdronate
PK parameter Sopmln @) . GOz om )
4 mg/S min  WBARTIN=Y) 412180i= Y
4 mgM5 min WA tINeY) 2542008=3) -
4 mg (poniec) MWELIOAN=Y) 38¢1.70N=8)
8 mg/é min 48411 0N=g) AT220(M= 8)
:o min MINBTIN=0) 418280 =
: wmnwnhhm-cmmwua
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These Cl.r estimates are in agreement with study JOO1.

The plot below shows the relationship between dose-normalized AUCo..s and ClLer (with linear trend line)

in patients from study 503. As expected, the exposure increases as Clcr decreases.

However, no

exposure-response relationship has been determined so specific dosing changes based on ClLcr are
difficult to make at this time.

Zometa

450
400 I v
350
300
250 -
200 -
150
100 -
50 .
0

o

aucT/dose

.

L
i

50 ° 100 150

Cler

¢ aucT/dose
=== Linear (aucT/dose)

Dose proportionality was assessed from 4 to 16mg in the plot below.

- Hean (28D) AUC,, .4 ¥8. dose of zoledronats

1000 y=128.78x
R= 0.9858
800
° — — v v
° 8 12 1 0
Sees efzolodrona® (mg)

Although there is considerable variability in AUC,..4 there does seem to be dose proportionality.

Ad0J 3181SS0d 1534

1. Metabolism

Does zoledronate inhibit the metabolism of other drugs? APPEARS THIS WAY
ON ORIGINAL
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APPEARS THIS WAY
ON ORIGINAL

Anin vﬁro human microsome study demonstrated that zoledronate did not inhibit the following P450 CYP
enzymes: 1A2, 2A6, 2B6, 2C9, 2C19, 2D6, 2E1, 3A4/5, and 4A9/11. In vitro drug interaction studies were
not conducted.

Iv. Special Populations

Does the dosing of Zometa need to be altered in special populations?

Renal

Zometa is proposed for administration as a single, and in some patients a repeat, dose. Even in patients
with impaired renal function it seems unlikely that zoledronate would accumulate; there is also no
established pharmacokinetic / pharmacodynamic (safety or efficacy) relationship en which to base dose
adjustments. The labeling includes a precaution that Zometa has not been tested in patients with serum
creatinine greater than 4.5mg/dL and that its benefits should outweigh the risks to such patients.

Hepatic

No pharmacokinetic studies in hepatically impaired patients have been conducted.

V. Protein Binding
To what extent does zoledronate bind to components in blood?

In vitro studies indicated that the mean human plasma protein binding of zoledronate is 22% while the

Vi Population Pharmacokinetics

What are the pharmacokinetic parameters from the POP PK analysis?
Are there any covariates that might affect dosing?

(Note: the population pharmacokinetic analysis was reviewed by the Pharmacometrics group and the full
review can be found in the appendix)

A population pharmacokinetic analysis was conducted using the following model:

APPEARS THIS WAY
ON ORIGINAL
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Hlustration of three-compartment linear model

Ko
. Ku

Infasion Contral ! Peripheral
—_— Comparonent

Comparunent (bone)

]
Ka
K» ' Kn

Periphenal

Compartment

(soft tissues)

This model was found to be valid and the pharmacokinetic parameters estimated from it are listed in the
table below.

Population pharmacokinetic psrameter estimates of ZOL obtained using NONMEM
-* " based on the final covariate modé} (first-order conditional estimation method)

Estimates w
Parameters . Parameters CV¥% m
Estimates of population parameters (fixed m
| effecss) q
KL — 6, (L) 357 145
V-6 () EA) 84
3. -Q@m) 458 17 -
g Va(L) 381 108 (]
¢ - Qi (L) 6.70 19.1
é - Vy(L) - 7182 122 m
~.8 . 0904 242 (Y,
&, 101 254 o
tine (h) 0.23 .
ting (h) : 1.75 - w
tiny (h) 167 - P
Estimates of variability (random effects) m
Insersubject variability (%)
CL - 61.1 402
A1 324 49.7 n
Residual variability (%) 282 319 O
V:: volme of dstribution in costel compes Vi and Vs vokames of @ritribution in two peri CL from 1
ocarsl comp Qe Qs i Aperament ¢ » peripheral conyp mad central COMPETURERL, tyn, W 80d Lo,
halfife m fas: distribution phisz. slow dumribuncs phase 386 ¢iimingaion pese, reypectively, astisnsted as secondary p <

where CL= 8, (CL/82.6) . exp(m;) and V= 8, (BW/69.4)*. exp(n,).

The conclusions of the analysis were that body weight is a covariate for central volume of distribution,
individual creatinine clearance is a covariate for total plasma clearance, and total plasma clearance is not
affected by body weight, body mass index, age, gender, or race.

-

VIL Pharmacokinetic / Pharmacodynamic Relationships

The most relevant pharmacodynamic endpoint/biomarker for TIH is serum corrected calcium which was
collected in neither study J0O1 nor 503.
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DISCUSSION:

The pharmacokinetic parameters of zoledronate have been established in cancer patients with bone
metastases. The recommended dosing regimen is 4mg infused over ~———— with a single repeat dose
of — as needed based on response. No pharmacokinetic data were collected after a second dose. At
this time it is unknown if dosing adjustments will be needed in this patient population based on renal
function. Since the kidneys handle the majority of the total clearance of zoledronate, it is reasonable to
assume that dosing changes will be needed in renally impaired patients. However, since Zometa is dosed
only once or twice in TIH patients, there is perhaps less concern in this patient population regarding
accumulation of zoledronate in the body than in other populations which might receive many multiple
doses. B
The issue of renal adverse effects (perhaps toxicity) has been brought up in discussions with Dr. Colman
and the potential relationship of these AEs to exposure of zoledronate has been discussed. However,
until there is a better understanding of the exposure-response and/or exposure-toxicity relationship it is
difficult to suggest dosing guidelines based on renal function. Currently, AE/safety data is under review by
DMEDP and the labeling does indicate that renally impaired patients should be treated if the benefits
outweigh the risks. One suggestion is that, before an -~ re-treatment, a patient's renal function should
be checked. Collaboration between DMEDP and OCPB on this issue will continue.

-

COMMENTS TO BE SENT TO SPONSOR:

1) C ]

2) The sponsor should re-format the pharmacokinetic section of the labeling into the following
sections: Distribution, Metabolism, Excretion, Special Populations.

3) - In a Phase 4 commitment the sponsor should pursue the development of rational dosing
. guidelines in renally impaired patients. The sponsor should pursue defining an exposure
(probably AUC-related) that shows efficacy and develop a dosing regimen based on creatinine
clearance that would result in that exposure at different creatinine clearances. All study designs

should be submitted for review before the sponsor proceeds with these studies.

LABELING COMMENTS:

(Strikeout-text should be removed from labeling; Double ynderiined text should be added to labeling; &
indicates an explanation only and is not intended to be included in the labeling)
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Robert M. Shore, Pharm.D.
Division of Pharmaceutical Evaluation Il
Office of Clinical Pharmacotogy and Biopharmaceutics

RD initialed by Hae-Young Ahn, Ph.D., Team Leader__24-MAY-00

CPB Briefing_26-MAY-00
attendees: Hunt, Selen, Johnson, Haidar, Wang, Ahn /‘)

FT initialed by Hae-Young Ahn, Ph.D., Team Leader__ / S/ ‘-/ " i

CC: NDA 21-223/N-000 {orig.,1 copy), HFD-510(Hedin), HFD-870(Ahn, HuangS), HFD-850(Lesko)
CDR.

DFS Code: AE

APPEARS THIS WAY
ON ORIGINAL
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Appendix 1. Draft labeling

APPEARS THIS WAY
ON CRIGINAL
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Appendix 2. Study summaries

pPPELDG THIS WAY

R
f‘ -.l‘.‘r.i.
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Study J001

Blood sampling at pre-dose and 5min (end of infusion), 15 min, 0.5h, 1h, 2h, 4h, 8h, 24 h for all three dose

levels and at 48h for the 4mg and 8mg doses. Urinary excretion was a - -
o e at 45n for ry ssessed at 0-4h, 4-8h, 8-24h, and

1. Title Page

Title of clinical trial Phase 1 Clinical Trial of — 42446 for Injection in Cancer
Patients with Bone Metastases

Name of investigational product CGP42446 (Zoledronate)

Clinical trial subjects Cancer patients with metastatic bone lesions

Design e comparator product e trial duration ¢ | Design: Open-labe\. cohort, dose-escalating trial

dose e study population Comparator product: None
Trial duration: 3-week cycles of single dose intravenous
treatment that include a period of follow-up observation
(maximum of 4 cycles)
Doses: 2 mg. 4 mg, and 8 mg
Study population: Cancer patients with metastatic bone lesions

Clinical trial sponsor Novartis Pharma K.K.

Clinical trial protocol identification code Z0LJ00!}

Development phase Phase ] clinical study

Start of trial - 26 August 1998 (enroliment of first subject)

Early termination of wial None

Completion of trial 30 April 1999 (final day of observation of last subject)

Medical expen e — —
mm———

Study director (for sponsor) Director: H. Kawakami, Chief, Clinical Development Division

Manager contact information Managers: N. Yokota and T. Suzuki, Clinical Pharmacology
Group, Clinical Development Division
Novartis Pharma K.K. .

3 4-17-30 Nishi Azabu, Minato-ku, Tokyo
- TEL: 03-3797-8578 FAX: 03-3797-4472
Declaration of GCP compliance This study was conducted in compliance with “Good Clinical
- Practice [GCP]” (Ministerial Ordinance No. 28 by the Japanese

Ministry of Health and Welfare, dated 27 March 1997). All
clinical trial documents and data are appropriately archived by
the respective study directors.
Director of auditing:

Date of repon preparation October 12, 1999 -

APPEARS THIS WAY
ON ORIGINAL
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2. Summary

Clinical tnal sponsor: Summary sheet for each clinical trial | (For use by review official)
Novartis Pharma K.X.

Name of product: Locarion in application summary

Name of active ingredient: ;’:I:me No:

——'42446 (Zoledronate) ge:

Tiue of clinical mial:
Phase § Clinical Trial of CGP42446 for Injection in Cancer Patients with Bone Metastases
Names of medical institutions and investigators: -
Department of Internal Medicine, (Chemotherapy Division), National Cancer Cenier Higashi Hospital:
Y. Sasaki
Department of Surgery, National Hospital Shikoku Cancer Center: T. Saeki -
Publications: T
None at this time (Manuscripts to be submirtted)
Study period: ) Development phase:

From: 26 August 1998 (enrollment of first subject) Phase | clinical tmal

To: 30 April 1999 (final day of observation of last
subject)
Objective: The primary objective of this study was to evaluate the tolerability and safety of intravenous (IV)
administration of CGP42446 when given to cancer patients with metastatic bone lesions. Secondary objectives of this
study included estimation of clinical dose ranges, evaluation of CGP42446 efficacy using improvement in vanous
metabolic bone parameters as a guide, and assessment of the pharmacokinetics of CGP42446.
Swdy methodology: We conducted this clinical trial as a cohort, dose-escalating study. CGP42446 was given
intravenously at an initial dose of 2 mg. We then increased the TV dose to 4 mg and 8 mg while monitoring treatment
safety. Each trearment group consisted of 3 to 6 patients. One cycle of therapy, including single dose IV
administration of the trial drug and a period of follow-up observation, lasted 5 weeks. A maximum of 4 cycles of
therapy were administered.
Number of subjects: Number stipulated in protocol, 9 1o 18. number who received treatment, 9.
Diagnosis and primary eligibility criteria: Cancer patients with metastatic bone lesions who were at least 20 years of
age and gave voluntary written consent to participate in this study. All eligible subjects had a performance status (PS)
of 2 or less (however, patients without metastases to a major organ but a PS of 3 due to bony metastases were eligible)
and an expected survival time of at least 3 months.
Trial drug, dosage and administration, and ot number: Each vial contained 4.16 mg of lyophilized —42446 as the
anhydride form. The product was reconstituted with 5 ml of solution for injection (water for injection) at the time of
use.
Lot numbers: Lot No. J0030298 (OGP42446) and Lot No. J0130398 (water for injection).
Duration of treatment (observation): 3-week cycles of treatment that included single dose IV administration of the trial
drug. followed by a period of observation (maximum of 4 cycles).
Comparator product, dosage and administration. and lot number: None
Evaluation criteria:
Safety: We evaluated tolerability and safety on the basis of symptoms, vital signs, other physical examination
findings, general laboratory studies, and eiectrocardiogram. With respect to tolerability, grade 3 and 4 adverse events
for which a causal relationship with the wrial drug could not be excluded were considered to represent “dose limiting
toxicity™ (DLT). If DLT was present in at least 3 patients within one cohort, the protocol stipulated that the study not
be continued 1o the subsequent cohon, and that the lower dose be considered as the “maximum tolerated dose™
(MTD).
Efficacy: We evaluated treatmem efficacy on the basis of mewabolic bone markers, bone pain scores, required use of
analgesics, PS, bone related clinical manifestations, and whenever possible, bone imaging studies. Therapeutic

efficacy based on the results of bone imaging studies was assessed using the same evaluation criteria as in trials
conducted overseas.
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Clinical mal sponsor: Summary sheet for each clinical trial | (For use by review official)

Novanis Pharma K.X.

Name of product: Location in application summary
Name of active ingredient: ;’Ollelfl! No:

CGP42446 (Zoledronate) age:

Satistical analysis:'lIhc datz was analyzed from all evaluable cases in which at least the first treatment cycle was
completed. For safety and efficacy evaluation parameters, we prepared a list of the data for each dose group and
rformed a descriptive analysis. The data are depicted graphically whenever necessary.

Summary and conclusions:
Results of safety evaluation: Of the 9 patients who received meatment with the trial drug, one patient in the 2 mg
group died soon after the observation period during the second cycle of treatment had been completed. Clinical
findings (neurologic signs and diabetes insipidus) and imaging studies in this patient strongly suggested the presence
of brain metastases. However, a causal relationship of these findings with the trial drug “could not be excluded.”
Symptoms and signs classified as grade 3 or greater developed in 4 patients. These findings were anributed to the
underlying disease and/or concomitantly administered anticancer agents in these patients. There was “no causal
relationship™ with the study drug. Grade 3 or greater laboratory abnormalities occurred in 7 patients. These events
included lymphopenia in 5 patients (56%), decreased serum phosphorus in 3 patients (33%), and a prolonged APTT in
1 patient (11%). These laboratory abnormalities were probably related to treatment with the trial drug, but all were
transient, did not produce any clinical symptorhs, and did not influence patient tolerability of the wial drug. Other
symptoms and signs during rearment that could not be excluded as being causally related to the wial drug included:
fever in 5 patients (56%): headache and Jocal pain at the injection site each in 3 patients (33%): nauseca, anorexia, and
fatigue each in 2 patients (22%): and dizziness, wemors, drowsiness, vomiting, stomatitis, diabetes insipidus, ear
congestion, flushing, erythema of the hands and feet, and bone pain each in } patient (11%). All of these findings
were classified as grade | in severity, with the exception of grade 2 severity of the tremors and diabetes insipidus in
the patient suspected of having brain metastases.
Results of efficacy evaluation: Efficacy was evaluated primarily on the basis of metabolic bone parameters, which
generally reflect the state of bone resorption and bone formation. Trearment with OGP42446 reduced metabolic bone
marker levels from pretreatment baseline values. This suggested that CGP42446 inhibits bone metabolism, but there
were no dose-dependent differences. Other efficacy parameters such as pain scores, amounts of analgesic drugs
required, PS, and development of bone related sympitoms were generally assessed in those patients whose overall
condition was satisfactory at the time of study enroliment. Thus, the efficacy of ™ '42446 could be not adequately
judged from these laner parameters. Bone imaging studies performed before and after trearment showed no changes
(NC) in B cases with evaluable bone lesions. However, bone imaging studies did show a trend towards some
improvement in one case each from the 4 mg and 8 mg dose groups, without concomitant administration of any other
antineoplastic agents.

of inctic_studies: Afier IV administration, there was rapid elimination of CGP42446 from the
biood, followed by a more gradual elimination phase. Increasing the dose of CGP42446 produced higher drug blood
concentrations, but the elimination profile remained unchanged. The results of analysis using a compartment mode!]
suggesied rapid uptake and gradual release of the trial drug in bone. There were variations in urinary drug excretion
among all patients. The cumulative excretion rate at the time of final evaluation varied from less than 20% to more
than 90%, but this variation was not dose dependent. These variations in urinary drug excretion rate may be due 1o the

severity of the bone metastases because they showed a correlation with baseline type I collagen telopeptide (ICTP)
values.

The above findings demonstraie adequate 10lerability of a 8 mg/body dose of CGP42446 given as an IV infusion over
= === They also suggest that OGP42446 is effective soon afier administration in light of the fact we saw
decreases in bone metabolism markers and a tendency toward improvement in bone lesions on images without the use
of other anticancer therapies.

Date of repon:
October 12, 1999

APPEARS THIS WAY
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Study 503

Novartis Confidential Page 11
interim Report CZOL448 503 ZOL446

Study synopsis

Tide of study: An opendabel, single intrevenous infusion dose study to determine the
pharmacokinetics (PK) and pharmacodynamics (PD) of zoledronate In cancer pafients with bone
metastases

James R Berenson, M.D. Susan Goodin, Pharm. D. Patricia LoRusso, D.O.

West Los Angeles VA Medical Cancer Institute of New Jersey  Karmanos Cancer instiute,
Centar New Brunswick, NJ Wayne Stats University -
Los Angeles, CA USA Detroit, M!

USA USA e

Publication(s): None
Mpodod:&ﬂuﬁeddo:edatm interim subjects completsd at 15-Oct-89

Objectives: The primary objective of the study was o characterize the PK and PD of a single dose of
4 mg zoledronate administered by a 5§ minute intravenous infusion, and 4 mg, 8 mg, and 168 mg
zoledronate administered by & 15 minute intavenous Infusion in cancer patients with bone
metastases. Secondary objectives were o charactarize the relationship between PK and PD
measurements and 1o evaluats the relationship between adverse events and PK measurements. This
interim report does not address the latter of the secondary objective.

Design: This was a randormnized, open-iabel, single dose study. Zoledronats nalve cancer patients with
bone metastases were randomized to one of the followina four treatment schedules I the patients met
all inclusion/exciusion critaria: 4 mg zoledronate with a 3 Infusion, 4 mg zoledronate wkth a

= minute infusion, 8 mg zoledronate with a usion, or 16 mg zoledronate wih a - T

infusion. Patients were admitted to the study centsr on the moming of dosing and received 2 single
infusion of zoledronats. Sequential piasma and wine PK sampies were obtained for 24 hours post-
infusion. Additional plasma and urine PK/PD samples were obtained on days 8, 15, and 20 post-
infusion. An end-of-study evaluation was performed aftsr the final PK/PD sampling on day 29. If in the
investigator's Judgment thers was a clinical benefit from the infilal zoledronate treatment, the patient
could consent to enroll in an extsnsion of study 503 (i.e., ZOL448 0503E) to receive additional
zoledronate administrations. This interim report covers the resuits for the core study 503 for all patients
enrolled by the cut-off date of September 15, 1999.

Number of subjects: The study population comprises all pafients enrolied by the pre-determined cut-
off date of September 15, 1999; twenty-three patients were enrolled and had received a single infusion
of zoledronate by this dats. The cut-off date for data collection for this Interim evaluation was October
15, 1969,

Criteria for Inciusion: Patients at least 18 years of age with a histological diagnosis of cancer and
melastatic disease to the bone were included in this study. Patients who had recelved previous
treatment with zoledronats or another bisphosphonats were not eligble. Patients who received an
investigational sgent within 30 days, the non-bisphosphonate ant-hypercaicemia medications
calcitonin, gaifum nitrate or mithramycin within 14 days, or chemotherapy within 7 days of zoledronate
administration wers not elfigible. Patients with liver disease or a confirmed diagnosis of HIV infection
were also exciuded from this study.

Yln&u:ﬂg:ﬂond drug: Zoledronic acid, 4.16 mg per vial, batch numbers: Y011 0288, Y115 1188, and
0698 : =
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Novartis Confidential Page 12
Interim Report CZOLA448 503 ZOL446

Comparator drug: None
Duration of treatment: Single dose of zoledronate with a 4-week follow-up period
Critsria for evaluation:

Safety and tolerabliity: Assessment of adverse events, laboratory svahmations including hematology
and blood chemistry, vital signs, and physical examinations were used to ensure patients safety.
Safety variables other than serious adverss events are not temized and discussed in this report

Pharmacokinetics:
e Plasma concentrations of zoledronate: AUC g, AUCp.aey 1A C e
e Urine concentrations of zoledronate: % excretion (0-24h), Cl,

Pharmacodynamics: The magnitude and duration of changes in PD measurements (serum bone
alkalkine phosphatase (BAP), urine N-lelopeptide (NTX)/creatinine ratio, urine caiclum/creatinine ratio,
urine (deoxy)pyridinoline/creatinine ratio, and urine hydroxyproline/creatinine ralio as a consequence
of zoledronate administration wers asssssed. Exploratory evaluations of the relationships between PK
and PD were performed.

Statistical methods: Deascriptive statistics for demographics, PK, and PD parameters. Dose
proportionality was assessed using ANOVA and power model approaches. Expioratory anglysis of
PK/PD relationships was performed using ANCOVA model.

Results: Of the 23 patients enrolied (13 male, 10 female, mean age 58 years, range 45 to 80 years),
21 completed all PK and PD evaluations. Two patients (patient numbers 503-104 and 503-108),
withdrew from the trial prior to completion of all scheduled PK and PD sampling on days 15 and 28.
One patient (503-106) was removed due to progression of cisease, while a second patient (503-104)
did not return to the site after visit 3 (day 8 post-infusion), and was lost to study follow-up. Both
patients provided PK and PD collections up to and including day 8.

All patients had confiimed bone metastases and multiple myeloma (n=11), breast cancer (n=4),
prostate cancer (n=3), carcinoma of unknown origin (n=2), or cancer of the Ring (n=1), colon (n=1), or
heaad and neck (n=1).

Safety and tolerabliity: The investigators reported five serious adverse events in 23 patients. None of
these events were considered to be related to study drug.

Pharmacokinetics: Zoledronate concentretions peaked immediately post end-of-infusion (C..),
showing a rapid decline to less than 10% of C,, after 4 hours and less than 1% of C_ after 24 hours,
followed by prolonged extremely low concentrations to day 29. These were about 0.1% of C., pessing

below the imit of bioanalytical quantitation for the lower doses, preciuding assessment of individual
patients’ terminal zoledronate haif-lves. The distribution of patients recelving 4, 8, and 18 mg doses

infused and the mean systemic exposure to drug for each dose group are
tabulated below:
_Zoledronate dose AUCp 34 (ng-Vmi) Cou (ng/mi)
4112107 (N=3) -
4 mg/15 min 496 £ 212(N=4) -
460+ 168 (N=7)

8182207 (N=8)
- 2139 £ 585 (N = 8)

-
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interim Report CZOL446 503 ZOL44s

Statistical analysis showed that C_,, AUCyg 4y and AUC,, ., behave consistently with the assumption
of dose proportionality. increasing the infusion period from 5 to 15 minutes caused an approximately
30% decrease in C, but produced no statistically significant difference in the systemic exposure
(AUC).

Approximately 40-48% of zoledronate dose was excreted in urine up to 24 hours post-dose, with a
renal clesrance of Dosing regimen had no appreciable effect on renal clearance and
‘urinary excretion of zoledronate. The mean (istd. dev.) urinary excretion and renal clearance, CL,, , of

Zoledronate are tabulatsd below:
~Zoledronate Urinary excretion 0-24 h CLR (L) ~
dose (% of dose) [Aemo4h) /dose]  [Aemo4n) /AUCH 24n)]
—_ - 305481 (N=3) 41218BN=3)
4 mg/i8 min 4£143(N=3) 351+20(N=3)
30.52104 (N=8) 38217(N=6)
‘ \ \ 408217.1 (N=8) 47229 (N=8)
4821 18.7(N=86) 41225(N=6)

Pharmacodynamics: Statistically significant decreases from baseline were obsearved in all urinary PD
bons markers after zoledronats infusion, consistent with the drug’s Inhibitory effects on bone

- Serum bone specific alkalkine phosphatase tanded to increase but the changes were not
significant for this marker of bone formation.

Marker N Mean3 Sud. Emd pvaive
NTX/creatinine 1 21 -35.682 869 <0.01
. Hydroxyproline/creatinine 1 21 £8.718 232 0.01
- Pyridinoline/creatinine | 20 -11.44 4.47 0.02
Deaxypyridinolina/creatinine 1 20 5.15 1.84 0.01
Caichuwcrestinine | 20 59.85 15.64 <0.01
Bone akaline phosphatase2 20 25.05 14.57 0.10
1 uwine
2 senum

3 mean 1 5. eror of differences between baseline and day 8, 15, and 29 average values

Muttipiicative statistical model analysis showed no significant impect of ime post dose (days 8, 15, 29)
on any of the bone marker values, reflecting a long duration of the effect of a single zoledronate
infusion. However, the analysis alko identified the 8 mg dose as producing signlficantly different
changes in NTX/creatinine, hydroxyprofine/creatinine, and deaxypyridinoline/creatinine than elther the
4 mg or 16 mg dose. The fallure © demonstrate a traditional dose dependency, Le. effect of 4 mg < 8
mg < 16 mg Is uncisar but mey be due to intsrpatient differences in the effects of zoledronate and to
the high dose range investigatad.

There wers no significant differences in serum creatinine between basefine and 24 hours post dose,
suggesting absence of an acute effect by zoledronate on renal function.

Pharmacokinetic-pharmacodynamic relationship: A statistically significant correlation of the
memmmmmmomm[m-wu.mwmnmmdhu
body st 24 h post infusion, was found for calciunvcreatinine (negative correlation) and for bone aikaline
mmmm.m.mn).mmmmmmnmﬁmmmm
bone and resutlting effect on bone resomption is influenced by diseass status. -
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Conclusions:

« Following intravenous dosing zoledronate piasma concentrations show a rapld deciine, followed by
prolonged, but very low concentrations to day 20 post dose. The pharmacokinstics of zoledronate
are consistant with dose proportionality over the dose range 4 mg to 16 mg.

o Approximately 40% of zoledronate Is axcreted in urine within 24 hours post infusion imespective of
dosing regtmen.

o Zoledronate produces statistically significant reductions from basaline in urinary pharmeacodynamic
markers of bone resorption, but an increasing trend in serum bone alkaline phosphatase, 8 marier
of bone formation. The changes in the bone markers are consistant over the ime period day 8 1o
day 20 post dose, reflecting a long duration of effect from a single infusion of drug.

© o Zoledronats in the dose range 4 mg to 16 mg does not show a typical dose dependancy of affects,
8 mg producing the greatest changes in bone markers.

e Zoledronate retained in the body after 24 hours post dose was significantly negatively correlated
with changes from baseline In urinary cakium and significantly positively comelated with changes
from baseline in serum bone akaline phosphatase.

Date of the report: 01-Dec-09

APPEARS THIS WAY
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Appendix 3. POP PK Review
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS

Division of Pharmaceutical Evaluation 11

NDA: 21-223

Generic Zoledronic Acid for Injection
(Brand®) Zometa®

Submission Date: December 21, 1999

Sponsor: Novartis Pharmaceuticals
Consult: . — -
Pharmacometrics Scientist: Sam H. Haidar

Background

NDA 21-223 for zoledronic acid injection (Zometa®) was submitted by Novartis on December
21, 1999. The proposed indication for Zometa is the treatment of tumor induced hypercalcemia
(TIH, also known as hypercalcemia of malignancy), a serious and potentially life-threatening
metabolic complication of cancer.

According to the sponsor, Zometa is a third generation bisphosphonate (new molecular entity)
which is one of the most potent inhibitors of bone resorption known.

This pharmacometric consult evaluated the population pharmacokinetic analysis performed on
data from two pharmacokinetic studies (ZOL JOO1 and ZOL 503), which were conducted in
cancer patients with bone metastases. Study designs and results are given below. .

Title: - =

Objectives:

1. Build a population Pharmacokinetic (PK) model for ZOL

2. Identify significant covariates on ZOL’s pharmacokinetics

3. Assess the dose-proportionality of ZOL over the dose range of 2 to 16 mg
4. Compare the pharmacokinetics of ZOL among different populations

Methods:

Data from two PK studies (listed below) in cancer patients with bone metastases were used to
develop a population pharmacokinetic model.

Study ZOLJ00!:

Title: Open-label, fixed ascending, dose ranging, safety trial of rapid intravenous infusion of
— 42446 in any cancer patients with bone metastases. This study was conducted in Japan in &
patients (4 males, 5 females). Blood samples were collected at predose, 5, 15, and 30 minutes,
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and 1, 2, 4, 8, and 24 hours after the start of drug infilsion. Six patients (4 mg & 8 mg treatment
groups) had an additional sample point at 48 hours, for a total of 10 samples.

Study ZOL3503:

Title: An open-label, single intravenous infusion dose study to determine the pharmacokinetics
and pharmacodynamics of zoledronate in cancer patients with bone metastases. This study was
conducted in the US and it included 23 patients (13 male, 10 female). Blood samples were
collected predose, and at 5, 15, and 30 minutes, and 1, 2, 4, 6, 8, 10, and 24 hours. Additional
samples were collected on Day 8, Day 15, and Day 29.

Plasma levels of ZOL from the above studies were used to develop a population PK model using

~—~————— The structural model was selected after comparing two-compartment and
three-compartment models with zero order input and first order elimination from the central
compartment. The linear three-compartment model was parameterized according to the
following: b

¢ Total body clearance (CL)
¢ Intercompartmental clearance between central and 1% peripheral compartment (Q,)
e Intercompartmental clearance between central and 2™ peripheral compartment (Q,)

e V), V,, and V; for volume of distribution for central, 1% peripheral, and 2™ peripheral
compartment, respectively

-3

Creatinine clearance, body weight, body mass index, gender, age, dose and Study were assessed
as'potential covariates for CL and V. Intersubject variability for CL and V, were modeled using
an exponential error, as shown below:

e CL,=7TVCL-e™
® V]i= TVV[ * an

where CL; is clearance in the i" subject, TVCL, modeled as a function of creatinine clearance, is
the population typical value for clearance, V;; is volume of distribution for the i subject and
TVV, modeled as a function of body weight, is the population typical value for volume of
distribution. 1, and 7 are the intersubject variability (normal distribution with a mean of zero)
for clearance and volume of distribution, respectively. Residual variability, which includes
intrasubject variability and model misspecification and other errors, was also modeled with an

exponential error structure. Attachment A contains the control file (code) used for the final
model.

Results:
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According to the sponsor, the three-compartment model (Figure 1) provided a significantly
improved fit of the data. This was based on a large decrease in the objective function,
examination of residual plots, as well as evaluation of correlation plots of predicted versus
observed plasma concentrations. Additionally, assignment of intersubject variability to both CL
and V, in the model provided the best fits. Figure 2 illustrates observed Cp (plasma levels) vs.
predicted values around the line of unity. The concentration-time profiles (observed and model
predicted) for a representative number of patients are shown in Figure 3. Table I lists the PK
parameters obtained following the population PK analysis of the two groups of patients.

K
‘ Kz

Infusi " | e—— Peripheral
..____"m Central Comparment

Comparanent (bone)

-
Ka
Ku K
_;3

Peripheral

Compartment

(soft tissues)

Figure 1. Illustration of the three compartment model used to fit the combined data sets of ZOL
plasma levels from Study ZOLJ0OO1 and Study ZOL503. '
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Figure 2. Observed versus model predicted plasma levels of ZOL, log transformed.
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Figure 3. Observed (symbols) and model predicted (line) concentration over time profiles for a
representative number of patients used in the population PK analysis.
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Figure 4. Weighted residuals versus Time, suggesting low or no bias in the model predictions.
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© _ RACE DOSE(mg) CL{UMN Vi) CLOTOBW) K12KN_BW(xg) WT(cm) AGEfyea) SEX __ BMI _Cler (mijmin)

-

Meoan 626 10.0 13 414 T0.03 170 86.8 2658 - 7192
s0 249 22 2.1 17.0 1717 7196 735 5.15 33
V% b1 ) 218 3.6 410 20 47 129 194 %5

© RACE DOSE(mg) CLM) Vi{l) CL'WBW) K12 BW{kg) HT{cm) AGE (vesr) SEX BMI__Clet (mUmin)
Mean 826 10.8 44 387 8150 171 () 7814 57
sD 2 3 1.3 133 15.00 73 13 488 214
cV% 519 304 40.7 343 184 7.8 212 166 282

0 RACE DOSE(mg) CLQM} VI(() CL'(T0/BW) K12/K21 BW (kg) WT(cm] AGE(yes) SEX BM!_Cler (mUmin
Mesn 450 61 54 663 575 156 56 239 893
50 219 14 2.1 173 79 10 1 48 M9
CV% 486 235 %8 26.1 137 8.5 20.1 18.2 39.1
’Ovm'l Mean 8.55 90 53 478 o 166 s7 2.2 3
—~ Overali SO 2.5¢ 29 20 s 174 127 10 50 30.1
Overad CV% 482 24 8.4 493 a8 7.0 167 191 o

Teble I. PK Parameter estimates and demographics of the patient population used in the
. — analysis.

Reviewer’s Comments:

1. The population PK model and analysis are acceptable.
2. Creatinine clearance is identified as a significant covariate for clearance as follows:

CL = 3.57*(CRT/82.55)**

(This is supported by the fact that ZOL is eliminated mainly by the kidneys.) Based on this a
dosing strategy based upon CrCl would decrease the variability associated with dosing and
provide a more predictable response and avoid inadvertent under or over dosing.

3. Body weight is another significant covariate, which appears to impact the volume of
distnibution of the central compartment (V,).
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4. The average value of V) in Oriental patients was about 40% lower than that for Caucasian or
Black patients. This is probably related to the lower body weight seen in Oriental patients.

The clinical implications of this difference may need to be considered.

5. In the proposed labeling under Special Populations, the following changes should be made:

Hepatic Insufficiency:

Sam H. Haidar, R.Ph., Ph.D.
Office of Clinical Pharmacology and Biopharmaceutics
Division of Pharmaceutical Evaluation II

"Peer reviewed by Dan Wang, Ph.D.

cc:

NDA 21-223

HFD-870 (Huang S-M, Shore R, Ahn H-Y, Haidar S)
HFD-880 (Wang D)

HFD-850 (Lee P)

CDR (Barbara Murphy For Drug)
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Attachment A

NDA 21-223
NONMEM Control File
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Attachment B
NDA 21-223

Proposed Labeling: Product Description
and Clinical Pharmacology sections
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Appendix 4. Data
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Novartis Confidentls! Pege 2
Zometa™ (z0ledronate, ZOL 448) Indication TIH
Ciinical Pharmacology/Humen PK&BAYV Summery Altachment B

Individual and mean noncompartmental pharmacokinetic parametsrs

Study J001
A )
Study PLID Dose inkusiontime Cew  Cow/doss  AUCoam AUCHawy/d0ss Apsey 0088 Nurinspaey Cl» Cla Cle  ClCle
(mg) ™) (ng/ml) (ngimlimg) (ngeivml) (ngeimUmg) (ng) (%) Wh) () (mianin) (%)
JOo1
J001
J001
Group mean a3 (7] mn 883 4417 81 28 884 B8
33, dev. 182 81 98 49 213 1067 17 15 W8 27
Joot
JOoY
Joot
Group meen 88 187 540 133 219 8807 83 43 958 07
4, dov. 281 6 2 58 1539 3047 30 33 440
Jo01
Joot
J001
Group meen 1142 143 133 142 3631 4414 T8 33 855 00
. dov, 190 24 338 4 1384 17.08 33 14 N6 17
Study meen n 180 @4 74 36 893 &4
9. dov. 85 48 26 26 20 M9 20
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Zometa™ (zoledronate, ZOL 4486) :
Cinical Pharmacology/Human PKSBAV Summary
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Indication TIH
Attachment 8

¢

Individus! and mean noncompartmentsl pharmacokinetic parameters

Study 803
Study PLID Dose  INRMIONUME Cew  Cons/0080  AUCpasy AUCmosy/dose ASpdin 4080 in Urineesey Clr  Cla Cle ClalCle
mo) ™ trgml) (ngAnLimg) (ngetvimt) (ngeivmiimg) (i) (%) U} {Uh) (mmin) (%)

803

= L

Geoup meen . 0 % an 103 1850 3080 102 41 44 @
8. dev. 100 28 107 il 2 814 20 17 240 18

503

803

503

803

Group meen 21 o7 407 124 1878 3048 60 35 &7 6
o\d. dov. 40 10 212 53 570 1420 28 20 24 2

a0 ~

803

803
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803
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503 v ;

- a8 ') . -
Group meen a2 o8 ste 102 281 084 i 47 N3 ®
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Study I0 Ocese Infiontime Cou  Cunsdose AUCpsay AUCmaeq/dose Adpauw Goseinwrinepasy Clo  Cla Cle ClaCla
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503
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oid. dev. w77 192 685 ) 2002 1070 20 28 M0 120
Sy mien 100 117 4108 98 43 702 90
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